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Diabetes mellitus is a chronic metabolic disorder which
results in elevated blood glucose. It can be broadly classified
as Type 1 and Type 2, depending on the reason for the high
blood glucose levels. In Type 1 diabetes enough insulin is
not produced by pancreatic beta cells, whereas in Type 2
the body's cells poorly respond to the presence of insulin.
Nanotechnology holds a great deal of promise in diabetes
management for efficient drug delivery, generation of smart
drugs which only activate when needed. Anti-diabetes
therapy is  significantly  transformed by using
nanotechnology in many ways like in delivery of therapeutic
molecules, fabrication of nanosensors to monitor dynamic
changes in blood glucose level, and development of smart
imaging molecule to visualise and quantify beta cells etc.
This review article explores the way in which
nanotechnology could be used to effectively treat, and
possibly cure, diabetes. We anticipate in the long run,
nanotechnology will clearly open up many routes to
treatments and participate in understanding and finding a
cure that would improve the lives of all people affected by
diabetes.
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Introduction

The incidence of diabetes has reached epidemic status in
world; International Diabetes Federation estimates that there
are approximately 422 million individuals with Type 2 Diabetes
(T2DM) in world and as predicted by The World Health
Organization, the number is expected to reach a staggering 600
million by 2030 [1].

Diabetes Mellitus is a chronic metabolic disorder that is the
result of elevated blood glucose levels because of the
abnormalities associated with blood insulin levels. Insulin is a 51
amino acid long polypeptide chain which is secreted from
pancreas. After a meal is taken, blood insulin level is elevated to
cause the breakdown of glucose that is needed to provide

energy to do necessary work in the body. Insulin maintains the
blood glucose homeostasis by suppressing the glucagon
secretion from pancreatic alpha cells, thereby enhancing the
glucose intake in muscles [2]. But if somehow the insulin
secretion or the mechanism of action of insulin is blocked,
hyperglycaemic condition appears which may eventually lead to
other malfunctions of the body such as high blood pressure,
ketoacidosis, Proteinuria etc. Diabetes Mellitus is of two types:
Type 1 diabetes and Type 2 diabetes. Another type of diabetes,
gestational diabetes occurs during pregnancy because insulin
signalling pathway in the placenta of pregnant women is
defective [3] but the Type 1 and Type 2 diabetes is of main
concern because they are chronic in nature. The immune cells of
our body are responsible for attacking foreign particles. But
sometimes due to defective immune cell maturation procedure
or because of the presence of some specific biomarkers (in
diseased condition) the immune cells attack body’s own cells
causing destruction of cells and eventually leads to autoimmune
disorders. A major example of this autoimmune disorder is Type
1 diabetes where body’s immune cells invade into the pancreatic
beta cells to cause destruction of beta cell mass which leads to
very small or no production of insulin. The Type 2 diabetes is
also called Non-insulin dependent diabetes as it occurs because
of the Insulin resistance in insulin sensitive tissues [4]. It is also
caused because of the beta cell dysfunction at later stages of
diabetes that eventually leads to the decrease of Insulin
production [4]. Nano biotechnology is recent advancement in
the field of biology and medicine which is in its growing phase.
Nanoparticles exhibits much more efficient physicochemical
properties than bulk because of the presence of unsatisfied
bonds [5]. Nano biotechnology exploits the enhanced optical,
catalytic, surface active properties and size dependent tunable
properties of nanoparticle to detect, monitor and treat a disease
[6]. In this review we represent the possible nano-biotechnology
based therapeutic approaches to treat and monitor diabetes in a
more effective way.
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Figure 1: Current and future approaches for treatment of
diabetes

Nanocarriers are the recent approaches to increase the
therapeutic efficiency and bioavailability of drugs. Nanocarriers
are used to increase the shelf life of any drug by preventing the
drug from early degradation, rescue the drug from the uptake of
reticuloendothelial system and increase the permeability of the
drug through membranes. Nanocarriers are used for target
specific delivery and hence bioavailability is high [7]. Some
nanocarriers such as lipid derived nanoparticles are rapidly
phagocytosed in liver cells and hence their circulation time is
less [8]. Opsonin proteins (ex: complement proteins,
immunoglobulins etc.) identifies the foreign nature of the
nanoparticle and coats it either with high affinity (hard corona)
or low affinity (soft corona). Phagocytic cells such as neutrophils,
macrophages identifies the opsonin proteins which then binds
with opsonin receptors on the phagocytic cells and gets
internalized by those cells followed by degradation in lysosome
[9,10]. Opsonin proteins bind strongly to hydrophobic surfaces
of nanoparticles using weak interactions such as vander waals
forces, electrostatic interactions etc [11,12]. Therefore to lower
the clearance rate of nanoparticles, hydrophilic molecules such
as PEG is used as they will not allow the opsonin proteins to sit
on the nanoparticle because of the repulsive forces. PEG is
covalently attached with nanoparticle surfaces which generate
stealth property in nanoparticles which cannot be recognised by
phagocytic cells because opsonins will be unable to sit on the
surface of nanoparticle [13].

There are three generations of nanocarrier improvement.
First generation involved only the drug-nanocarrier conjugate
which had very less circulation time in blood because of the
opsonisation. Second generation eliminated the problem
associated with the phagocytosis by making the nanoparticle
stealth by PEGlylation and improved the target specific delivery
by introducing specific target specific ligands. Whereas third
generation involves the modification of second generation
nanocarrier based delivery system by introducing stimuli
responsive characters [10]

Nanomaterials used for drug delivery include Carbon
Nanotubes, Liposome, Gold nanorods, nanoshells etc. Targeting
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agents for target specific drug delivery include monoclonal
antibody, Aptamers, Vitamins, Carbohydrates and Peptides etc
[14,7]. Some Stimuli Responsive systems include heat sensitive
(liopsomoes with leucine zipper motif), light sensitive (Gold
nanocages, nhanorods), magnetism responsive (magneto
liposomes), Ultrasound sensitive (Perflurocarbon), Electro
responsive (Polypyrrole), pH sensitive (polybase and poly acid
ionisable groups are attached), Redox Sensitive, Self-regulated
system (Phenylboronic acid that senses change in glucose
concentration in blood) etc [15].

Nanoparticle internalization  involves  phagocytic  or
nonphagocytic pathways such as clathrin, caveolae or
macropinocytosis based methods. Opsonisation is involved in
phagocytic based internalization procedure whereas clathrin
and caveolae mediated internalization involves GTPase
dependent internalization where some ligands are attached to
the surface on the carrier that can bind to specific receptors on
the cell surface for internalization. Examples of ligands used for
receptor mediated endocytosis include low density lipoproteins,
epidermal growth factor, transferrin etc. for clathrin mediated
endocytosis and cholesterol, albumin, folic acid etc. for caveolae
mediated

Endocytosis [9,10] Phagocytosis and clathrin mediated
endocytosis ends up in lysosome. Therefore they are not
preferred mode of delivery but if the nanocarrier is positively
charged, it can get out of the lysosome showing “Proton Sponge
Effect” [10,12]. Hence caveosome is preferred mode of delivery
in many cases to avoid lysosomal degradation. Caveolae
mediated endocytosis is also preferred in adipose tissues as
caveolae is abundant there [9,12].

"Nano-biotechnology in diabetes
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Figure 2: Overview of application fields for nano-
biotechnology in diabetes.

The main disadvantage of Insulin delivery is that it cannot be
delivered orally. Insulin is a peptide in nature and hence it is
subjected to the first pass metabolism. The circulation time of
insulin becomes very low due to protease degradation in the
gastrointestinal tract and hence bioavailability of the orally
delivered Insulin is very low [16]. Hence several methods are
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applied for effective drug delivery. Insulin, loaded in biotinylated
liposomes showed improved receptor mediated absorption,
increased bioavailability and lowered the hyperglycemic
condition [17]. Insulin loaded with bile salt containing liposomes
also showed enhanced absorption and permeation through the
membranes [18] PLGA nanoparticles loaded with insulin, under
pH stimulus showed improved bioavailability when administered
orally [19,20] Another pH sensitive oral insulin delivery cascade
involves chitosan-PGA-DTPA nanocarrier conjugate which
protects the drug from protease degradation [21]. As Chitosan
does not possess any cytotoxicity, chitosan itself and its various
forms are used for controlled release of orally delivered insulin
[22]. Increased penetration of insulin at the mucous region can
be obtained using chitosan, modified chitosan such as trimethyl
chitosan-cysteine nanoparticle or Chitosan reduced gold
nanoparticle carrier [23-25]. Dextran sulphate, acrylic polymers,
hyaluronic acid based polymers are also used to make
nanoparticles for the delivery of insulin orally [26]. A pH
sensitive chitosan microgel was designed with nano-capsule
coated glucose oxidase to release insulin in a controlled manner
under hyperglycemic condition (the pH change was sensed as
glucose was converted to gluconic acid) [27]. Besides Insulin,
Fatty acid modified Exendin-4 can also be delivered through
pulmonary route using chitosan coated PLGA nanoparticle to
reduce the hyperglycemic effect of type-2 diabetes that showed
lower clearance rate of drug-carrier conjugate in lungs [28]. It
was reported that chitosan coated PLGA nanoparticle was
engulfed by clathrin and macropinocytosis whereas only PLGA
coated nanoparticle was internalized by caveolin [29]. Exendin-4
can be conjugated with positively charged low molecular weight
chitosan to increase the half-life of the drug and to produce
effective hypoglycemic effect [30]. Zincoxide and silver
nanoparticles increased glukokinase acitivity and expression of
GLUT-2 receptors in diabetic rats [31]. Diabetic ulcers are of
major concern in diabetes and hence antioxidants such as EGCG
(Epigallocatechin gallate) are used for treatment. Hence the low
bioavailability associated with EGCG can be reduced by gas-
injection of gold nanoparticles with EGCG [32]. Selenium
nanoparticles alone or when mixed with insulin decreased the
glucose 6 phosphatase activity and therefore decreased
endogenous glucose production [33]. Silver-gold core shell
nanoparticle reduced the fat content to alleviate the diabetic
inflammation in diabetic rats [34,35]. Mesoporous Sillica
nanoparticles are used for delivery of glucose responsive release
of insulin and also cAMP to induce production of insulin from
cells by activating calcium channels [36]. Exenatide was put into
pH sensitive cross-linked polymers of alginate and hyaluronate
and was subjected to treat Type-2 diabetes in mice that was able
to reduce the glucose level to normal level rapidly [37]. Insulin
and exendin-4 both can be loaded in chitosan-PGA nanoparticle
and was useful to treat hyperglycemia in type-2 diabetic rats
[38]. Beside insulin and exendin-4, RNA complimentary to
miRNA-375 that causes the down regulation of insulin secretion
is delivered to the pancreatic beta cell line MIN6 cells using
novel liposome beta-MEND which is reported to be internalized
by clathrin mediated pathway [39]. Triazole modified alginate
nanoparticles were reported to be used as encapsulation for
beta cells derived from human stem cell to control
hyperglycemia in diabetes [40].
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Change in glucose concentration in blood is of major concern
in diabetes and therefore it is important to monitor the glucose
concentration regularly. Nanoparticle was used in third
generation electrochemical biosensors to increase the electron
transfer rate [41]. Electrochemical biosensors utilizes Glucose
oxidase, Glucose dehydrogenase, hexokinase etc. to determine
the glucose concentration. Among these enzymes, glucose
oxidase is used commonly because of its low cost and relative
high stability. Glucose oxidase (GOD) which contains FAD group
as cofactor converts the glucose to gluconic acid and gets FAD
reduced to FADH2 followed by transfer of the electrons to
mediator to form FAD again. The steps are as follows:

GOD (FAD)+glucose=Gluconic Acid+FADH2
FADH2+ O,= FAD+H,0,

Based on the use of mediators glucose biosensors evolved in
three generations. The first generation included the use of
oxygen as mediator and the response was dependent on oxygen
concentration in the solution but the efficiency was low as
normal oxygen concentration is lower than blood glucose
concentration. This obstacle was improved in second generation
using artificial mediators in the place of oxygen for electron
transfer. Artificial mediators included ferricyanide, ferrocene
derivatives, phenoxazine etc. Besides there are many
contaminations (ex: drugs) which can give false responses when
reacted with oxygen but this problem can be controlled in
several ways. Coating the electrode with semipermeable
membranes, use of artificial peroxidases such as Prussian blue
nanoparticles can control the false responses [42,43]. Third
generation eliminated the use of any mediator and glucose
oxidase was directly attached to the electrode which increased
the electron transfer rate by many fold. Examples include the
immobilization of glucose oxidase (FAD)-Au nanoparticle onto
Au electrode using thiol linkers [44]. After that there are many
advancements in nanomaterial based glucose sensing. Nano-
materials include Au, Ag nanoparticle based sensor, CNT and
graphene based sensor, Nanoparticle array, quantum dots etc
[45]. Quantum dots can be used instead of fluorophores as they
exhibit almost no photo-bleaching property. For example,
glucose oxidase and CdTe quantum dots can be assembled to
sense glucose concentration [46]. To substitute the flurophores
in optical sensors, quantum dots can be used but they are toxic
in nature [27]. Surface Plasmon Resonance is important
characteristic of gold and silver nanoparticle which changes
upon particle aggregation [47,48]. This feature is used to sense
glucose concentration using dextran functionalized Au
nanoparticle, glucose and saccharide binding Concanavalin-A
(Con-A) that can bind to dextran and glucose both but binds to
glucose with higher affinity. Therefore observing the change in
SPR spectra upon addition of glucose (because of the separation
of nanoparticle aggregates that formed due to multiple binding
capacity of Con-A with dextran when glucose was absent) can be
used in glucose concentration monitoring. The same can be
achieved using boronic acid modified Ag nanoparticle also [49].
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CNT based glucose biosensors are group of sensors which
improves the efficiency because the CNTs possess very high
electron shuffling rate due to large length to diameter ratio. For
example, FAD can be covalently immobilized to the end of
SWCNT (Single walled carbon nanotubes) followed by the
attachment of glucose oxidase to FAD [50]. SWCNT also exhibit
the emission of light in the NIR region when excited with light
and thus is of great importance for monitoring glucose
concentration continuously in vivo because of their no photo
bleaching property. SWCNTs can be modified either with glucose
binding proteins or Phenyl boronic acid which causes change in
emission spectra of fluorescence as quenching happens when
concentration of glucose changes [51]. CNT FET and CNT fibres
are also used as sensors because of their ability to detect change
in resistance with high sensitivity and very high catalytic
efficiency due to large surface area respectively. Besides
Enzymatic biosensors, non-enzymatic biosensors were made
using CNT which was modified using Nickel, Copper etc. Good
electric and mechanical properties of graphene make them
useful for application in sensor technology. In both enzymatic
and non-enzymatic biosensors graphene can be used to achieve
high sensitivity and low detection limit [52] SWCNTs can also be
used to detect glucose concentration in saliva. The device
contained SWCNT which was physically adsorbed onto Platinum
electrode followed by assembly of chitosan and gold
nanoparticle where glucose oxidase was assembled [53]. In
diseased condition several volatile organic compounds become
abundant in breath and hence they can serve as useful
biomarkers to detect a disease as in case of diabetes acetone
concentration increases in breathe for lack of the insulin. An FET
based (modified with indium nitride) gas sensor as well as ZnO
nano sheets, Zr loaded WO3 pure and TixSn1-x02 was reported
to have achieved detection of acetone at very low ppm level
which can be of useful importance in the detection of diabetes
[54,55]. Thin walled SnO2 fibres (made by electrospinning) were
loaded with catalytic Pt nanoparticle which can sense the
acetone concentration in breath samples [56]. Besides these,
enzymes can be immobilized onto magnetic nanoparticle or
platinum nanowire for glucose sensing [45]. Sweat based
method of glucose concentration monitoring measures the
glucose concentration with the help of a disposable patch that
collects the sweat and deliver drug with a micro needle at
certain glucose concentration. This disposable patch can be
made of gold doped graphene and the glucose concentration
can be monitored wirelessly using cell phone [57,58]. Prussian
blue nanoparticle based amperometric sensors can be used in
tattoos for non-invasive glucose monitoring [59].

Theranostics involves both the therapy and imaging using
nanoparticle loaded with drug molecule and imaging agents
[60]. In Type 1 diabetes the beta cell mass is already destroyed
because of the infiltration of lymphocytes and other immune
cells. In case of Type 2 diabetes there is slow destruction of beta
cell mass because of the formation of ROS after long term
metformin treatment and stress upon beta cell mass due to
increased level of glucose in blood and insulin resistance in
insulin sensitive tissues. Hence the quantification and
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regeneration of beta cell mass is very important to diagnose the
diabetic patient and initiate proper treatment [61].
Regeneration can be achieved using stem cell therapy either by
using embryonic stem cells [61] or adipose tissue derived stem
cells [62]. If there is a rapid degradation of pancreatic beta cell
mass and insulin secretion is much lower than normal, Stem cell
therapy can be used to regenerate the beta cell mass to
eradicate the problem from root though much more
advancement in stem cell regeneration is needed. Though the
pancreatic islets are investigated thoroughly in vitro, several
complications lie during imaging of pancreatic beta cell mass in-
vivo.

The first and foremost challenge includes the low distribution
of endocrine cell mass in pancreas and finding proper markers
that are associated with only Pancreatic beta cells to achieve
targeted and specific imaging [63]. Possible imaging methods
include Positron Emission Tomography, Single Photon Emission
Computed Tomography (SPECT), MRI, CT etc. Imaging probes
include antibody specific to TMEM-27, targeting ligands for PSA-
NCAM, GLP-1 receptor, SUR-1 receptor etc [64]. In a study using
rats, Exendin-4 loaded in 1123 Iabelled chitosan-PGA
nanoparticle was able to lower the glucose concentration in a
pH sensitive way and the distribution of the drug in
gastrointestinal tract was monitored using SPECT/CT scanner
[65]. The beta cell targeting efficiency of exendin-4 was studied
by loading exendin-4 in PEG modified super paramagnetic iron
oxide molecule using Prussian blue staining and quantum dot-
exendin-4 conjugate in INS-1 cell lines. The distribution profile in
mice was studied using MRI [66]. Exendin-4 was loaded in PEG
modified iron oxide magnetic nanoparticle to image the
accumulation profile of the drug to target tissue using MRI. It
was seen that beside receptor mediated uptake of the
nanoparticle, passive targeting was also involved for the leaky
structure in endothelium [67]. Macrophage inflammation in beta
cell is the major issue in type-1 diabetes and therefore it is
important to track the insulitis process. Dextran coated MRI
sensitive magnetic nanoparticle or a super paramagnetic iron
oxide MRI probe coupled with fluorophore can be used to study
the inflammation by tracking the engulfment of the nanoparticle
by the macrophages [68-71]. Superparamagnetic iron oxide
nanaoparticles with dextran modifications were used to deliver
fluorescent dyes for imaging the transplanted islets in diabetic
mice using both MRI and fluorescent imaging [72].

Discussion

Insulin injection, proper diet and exercise can be used as
treatment of diabetes but as of now, there is no cure for both
the types of diabetes i.e Type 1 and Type 2 diabetes. Type 1 and
Type 2 diabetes are diagnosed in children and adults
respectively but in both the cases, blood glucose level is
measured to check the hyperglycemic condition. There are
several tests which confirms the diabetic stage. Fasting Plasma
Glucose Test is used to measure the blood glucose level under
fasting condition that is to have only water for at least 8 hours.
A1C test is done to check the glycated haemoglobin. In RPG test,
there is no need of fasting and the blood sugar level can be
measured at any point of time. OGTT involves sensing of the
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impairment of glucose tolerance [73]. For Type 1 diabetes,
insulin injection or insulin pump is the only solution till date [74].
As of Type 2 diabetes, there are several approaches to manage
and monitor the disease.

/ -
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Figure 3: Comparative overview of nano-biotechnology-A
promising approach.

Some possible treatments include use of drugs such as
Metformin which is biguanide molecule which reduces the
endogeneous glucose production by suppressing the production
of cAMP which is key effector molecule in glucagon signalling
[75], Sulphonylureas such as glibenclamide binds to SUR-1
receptors in pancreatic beta cells to increase the insulin
secretion [76], GLP-1 receptors agonists that increase the insulin
secretion, lowers the rate of gastric emptying and increase the
glucose uptake [77] SGLT2 inhibitors, newest anti diabetic drugs
make use of the inhibitors of Sodium Glucose Co-transporters.
SGLT is involved in reabsorption of glucose in Kidney. Thereby
inhibition of SGLT2 can mitigate the hyperglycemic condition in
blood [78]. At first, diet, exercise, metformin etc. are prescribed
for the treatment of Type 2 diabetes but at the later stages
when blood sugar level is beyond control regular Insulin therapy
is the only option left for possible treatment [79] Insulin can be
delivered using insulin injections, pens, inhalers, pumps, etc
[80]. There are typically two types of Insulin therapy present to
maintain the basal insulin level. Long acting insulin has increased
shelf life that can be present in blood for up to 24 hours 79 and
fast acting Insulin which is taken just before the meals to elevate
blood insulin level to help in glucose breakdown [81]. Insulin
Pumps are subcutaneously given to Type 1 diabetic patients in
forms of patches so that fast insulin can be released slowly [82].
The automatic Insulin Pumps works under partial closed loop
system reduces the effect of hypoglycaemia [82]. Hypoglycemia
can be caused because of elevated levels of insulin and can
result in weakness, vision problems, unconsciousness etc
[83,84]. Insulin patches and injections are often associated with
patient’s irritation and other side effects. Besides these effects,
if Insulin is not released in controlled manner there will be
hypoglycemic condition which can lead to several other
complications [84]. The GLP-1 agonist therapy also include
several complications such as irritation at the site of injection,
dizziness etc [85].

Conventional Glucose sensing includes electrochemical
(amperometric), optical (fluorescence, Raman Spectroscopy etc.
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are used) biosensors, glucometer, microneedle, etc [86].
Electrochemical biosensors use mainly glucose oxidase to
measure glucose concentration as mentioned earlier. Besides
electrochemical sensors, decrease in quenching and increase in
fluorescence intensity of labelled dextran and Energy transfer
between labelled Con-A and dextran with the increase of
glucose concentration can also be used to monitor glucose
[87,88]. To reduce the inefficiency associated with enzymes,
non-enzymatic biosensors using boronic acid which is based on
Photo-induced Energy Transfer mechanism can be a good
substitute [89,86]. Recently optical (fluorophore labelled
carbohydrate receptor) and electrochemical sensors were
coupled to achieve orthogonal redundancy with minimally
invasive technique to measure glucose concentration in Type 1
diabetes persons. Although this system achieved high accuracy
with glucose concentration monitoring, the optical sensing
component needs to be improved so that it overcomes hurdles
related to the adverse environment in a body [90]. A recent in-
vitro study postulated non-invasive glucose monitoring using NIR
spectra for different concentrations of glucose solution but
further experiments are needed to improve the sensor response
[91]. Glucose sensors are also coupled with insulin pumps to
provide closed loop continuous glucose monitoring that can act
as artificial pancreas [92,93] During the past decade closed-loop
insulin delivery increased the efficiency of treatment of
hypoglycemia and reduced the error associated with human
intervention but still there is a need of improvement in terms of
long term stability and energy efficiency [94].

In a study using animal models, NIR fluorescent probes were
designed to specifically target GLP-1 agonist receptor in
pancreatic beta cell mass [95]. ZnZ* is associated with mature
insulin release from pancreatic beta cells as it is important to
form insulin hexamer [96] and hence the release of zinc can be a
useful marker to diagnose beta cell mass. Therefore a GLP-1
receptor targeted fluorescent marker (ZIMIR) was designed with
exendin-4 to sense Zn2+ to detect functional beta cell mass
[97,98]. But fluorophores are subjected to photo bleaching and
hence alternate ways were needed [99]. Besides nano-
biotechnology some possible alternate approach can be a
bimodal imaging system using PET and NIR fluorophore, the use
of a luminescent marker luciferase from Gaussia princeps to
label c-peptide of insulin etc. but the later detection mechanism
possess several disadvantages such as inability to detect the
alterations in expression of insulin or the alteration of beta cell
function due the presence of the reporter [100,101].

Nano-biotechnology has potential to be effective therapeutic
options in diabetes treatment that can be used to overcome the
problems associated with the present therapeutic approaches.
As seen above the advancements included glucose sensing
technology, oral insulin delivery and imaging technology but still
there is a long way to go. The non-invasive breath based,
minimally invasive wirelessly monitored sweat based, SWNT
based sensors definitely project the advancements of glucose-
sensing technology but the sensitivity, selectivity, long term
stability of glucose sensors when administered in vivo need to
be improved [102,51]. Glucose sensors and oral insulin delivery
are most abundant application field for Nano-technological
advancements but still quantification of beta cell mass in vivo is
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a very difficult task either in conventional way or using
nanoparticle [103]. Fluorophores are subjected to photo-
bleaching and hence they are not applicable for continuous
monitoring of beta cell mass which is necessary to diagnose the
progression of the diabetes. Several nanoparticles are used to
substitute fluorophores but complications arise due to their
toxicity at higher concentration and long term application
[104,105]. Besides imaging, further developments are needed
for the delivery of the nanoparticle-drug conjugates because of
the toxic effects of nanoparticles. Hence the design of a
nanoparticle is a very important factor to be analysed.

As depicted above, there is a huge possibility of improvement
in health care specifically in diabetes using nanoparticles if the
structure, composition and chemical properties of the raw
materials can be improved to make nanoparticle suitable for in
vivo application specifically when applied to a human. We
anticipate that among all possible nanoparticle based
approaches, it is quite clear that chitosan comparatively
possesses better biocompatibility in host as well as can protect
the drug under harsh environment in gastrointestinal tract.
Therefore, as per our view a PEG-chitosan nanoparticle modified
with glucose oxidase and a pH actuator can be used for the oral
delivery of insulin to control hyperglycemic condition for
efficient and robust treatment of diabetes.
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